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Abstract 
The Dutch Ministry of Spatial Planning and the Environment (VROM) engaged Jacobs 
Consultancy to develop a definition and measuring tool aimed at quantifying the CO2 Capture 
Readiness of a combustion plant. The tool developed tests the level and completeness of pre-project 
execution information. The testing of pre-project information is a standard practice in the refining 
and petrochemical industry and Jacobs Consultancy has adapted and tailored these practices to 
develop the Capture Readiness tool. The tool was developed in 2008 and was pilot tested on two 
already permitted coal fired power plant projects in 2009. 
The Capture Readiness tool is similar in concept to the well known Project Definition Rating 
Index originally introduced by the Construction Industry Institute for Major Capital Projects.  The 
tool quantifies the readiness of a project to accommodate future CO2 capture and parallels the 
phased approached to Major Capital Projects used by the Project Definition Rating Index. 
  
A short introduction to the application of the PDRI methodology to test the completeness of the 
project development information– often also referred to as Front End Loading or FEL, is included 
in this paper to establish the parallel approach we have used in the development of the Capture 
Readiness tool. The Jacobs Consultancy Capture Readiness tool is then discussed in more detail. 
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1.  Introduction 
 The challenge of the first phase of our work for the Ministry of the Environment and Spatial 
Planning (in Dutch abbreviated as VROM) was to translate an agreed definition into an instrument 
or tool that would quantify the Capture Readiness of a plant or proposed project. 
The definition of Capture Ready– as agreed by the VROM study steering committee, and employed 
in this work - is as follow: 
“A Capture Ready combustion plant must be capable of capturing and storing at least 85% of all its 
Carbon Dioxide produced, by 2020. Possible obstacles must be identified and eliminated, ensuring 
future ‘Carbon Lock-in’ is prevented.” 
The definition of Capture Ready is not limited to the combustion plant but implies transport and 
storage and therefore relates to the complete Carbon Capture and Storage (CCS) chain. In the tool 
these three elements are evaluated and qualification of readiness of the three separate parts of the 
chain as well as for the total CCS chain are obtained. 
Capture Ready is a qualification that determines whether an existing or future plant will be ready 
for CO2 capture and it means that the conversion of the non-capture plant will be possible without 
any negative surprises.  
We have developed the tool on the premise that any claim that a plant is Capture Ready has to be 
documented by a formal feasibility study.  If we consider that the project to add capture facilities to 
an existing plant would follow the typical project development steps of most industrial projects, this 
feasibility study would be the first step in the development of the capture project. In our vision we 
can then adapt the PDRI methodology used to determine status and completeness of information 
during conventional project development, to establish the completeness of the information and 
determine the Capture Readiness of a project.  
Capture Ready is a qualification mainly aiming at identifying potential road blocks to future 
implementation of a CCS chain to an existing plant. A more common project development 
qualification is related to a project being ready for execution. The execution readiness is often a 
commitment to a larger investment and authorized by a management Final Investment Decision 
(FID). This moment of execution readiness or FID is introduced here as Investment Ready. The use 
of the new concept of measuring Capture Ready in relation to the more common FID or Investment 
Ready qualification is also discussed. 
2. Project phases 
Front End Loading (FEL)
 Any large complex and capital intensive construction project can be characterized by a planning 
or preparation period and subsequently a realization- or actual construction phase. 
As part of a complete industrial project cycle, front end loading (FEL) is the process whereby 
sufficient up-front effort is applied to the development and definition of a project in the initial 
stages of a project to improve the chances of having a successful project.  
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This process follows a stepwise sequence across the project life cycle, with formalized definitions 
associated with each step: 
FEL-1  The initial business case definition, involving identification and elaboration of 
factors influencing profitability and feasibility of a project and the selection of 
optimal technology. 
FEL-2 Conceptual design: This is a comparison of various project approaches in terms of 
technical, legal and social feasibility and costs. 
FEL-3 Project definition which involves the selection of a particular solution, permitting 
preparation of the project approach and planning, and developing the basic design of 
the chosen solution. 
Subsequent phases of the FEL process through detailed design and eventually commissioning are 
not included here since the CO2 capture tool does not extend that far.  
The Construction Industry Institute (CII) and PDRI 
The CII is a consortium of more than 100 leading owner, engineering, contractor and supplier 
firms from both public and private sectors who joined together in 1983 with the purpose of 
improving the planning and execution of construction projects 
Although it is common sense that greater pre-project planning efforts result in improved 
performance during the execution phase regarding cost, schedule, and operational characteristics, 
the amount of effort devoted to the front-end of projects used to vary significantly from one firm to 
another.  
As a result of industry’s lack of non-proprietary tools to assist in performing this critical stage of the 
project, the Front End Planning Research Team of the Construction Industry Institute at the 
University of Texas at Austin published the first edition of the Project Definition Rating Index 
(PDRI) tools in 1996.
PDRI is a method to measure pre-project planning performance. More precisely, it measures the 
completeness and quality of the project definition or level of project definition. It does not specify 
which activities have to be performed in a specific project phase, but provides criteria for the 
evaluation of information within a project. The PDRI is considered a powerful tool for objective 
evaluation of a project’s overall definition level during the pre-project planning phase and for 
predicting areas of potential risk to the success of a project. In the Engineering and Contracting 
community executing larger project for industrial clients, the PDRI method is used as a standard 
practice to check whether sufficient information is gathered in order to proceed to a next – often 
more costly- project phase 
PDRI is thus a Capital Projects ‘readiness’ evaluation tool that is well known and widely applied in 
the following industries amongst others: 
• Oil / Gas production facilities 
• Chemical plants 
• Pharmaceutical plants 
• Power plants 
• Manufacturing facilities 
• Petroleum Refineries 
The PDRI tool can be applied at several stages in the pre-project stages. Figure 1 provides an 
overview of the several development stages and the potential use of the PDRI tool.  
F.P.J.M. Bas Kerkhof, G. van Birgelen / Energy Procedia 4 (2011) 2533–2540 2535
F.P.J.M. (Bas) Kerkhof and G. van Birgelen / Energy Procedia 00 (2010) 000–000 
4 
Figure 1 Summary of project development phases and activities showing front-end loading steps 
3. Application of PDRI into a the ‘Capture Readiness Tool’ 
 In order to draw the parallels between the Industry applied PDRI tool and our Capture Readiness 
tool, it is necessary to visit the application of the relevant PDRI sections in some brief detail. 
The PDRI tool distinguishes between 3 sections of the project: 
1. Basis of Project Decision 
2. Basis of Design 
3. Execution Approach 
Each section contains a number of categories which, in turn, are further broken down into their 
elements. In an assessment with PDRI, a definition level score is applied to each element. This is 
usually done in a workshop session including the project members under guidance of a facilitator. 
The total score for each of the three sections is determined and compared to threshold values 
applicable for the phase the project is in.  
The most important elements mimicked in the Capture Readiness Tool are those of sections-1 
elements A, B, C, and D and the section 2 elements F and G-1 and G-2. These are discussed briefly 
below.  
GATED PROJECT DELIVERY SYSTEM
Potential PDRI Points
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Section-1 Basis of project decision
Element A. Manufacturing objectives criteria 
This element checks whether general starting points or design principles are defined with regard to 
the desired plant reliability, maintainability and operability. 
Element B. Business Objectives 
This element aligns the company business objectives with the specific project objectives. It contains 
sub elements on the market strategy, the quantity and quality of the desired products, the plant 
capacity, the plant life time but also feasibility and affordability. It also deals with some social 
issues such as community relations, government relations, training and safety and health 
considerations. 
Element C. Basic Data Research and Development 
This element deals with the chemical and physical processes that will be used to convert starting 
materials into the desired end product. It also judges the risk involved in application of using an 
experimental technology versus a more proven technology. 
Element D. Project scope 
This element focuses on the technical starting points. It states which norms, standards, requirements 
and guidelines will be applicable. It addresses what are the required site characteristics and it 
provides a complete narrative description. It also provides the project schedule. 
Section-2 Basis of Design
Element F. Site location 
This element focuses on the selection of the site, on soil surveys if needed, on environmental 
performance and on permits. It also considers the use of utilities like cooling water and the use of 
common facilities like fire protection. 
Section G. Process / Mechanical 
The sub-sections used are G1 and G2 which focus on the actual performance of the anticipated 
plant. It checks whether process flow schemes will be available and on the overall energy and mass 
balance. 
In the Capture Ready tool we have developed a questionnaire that probes into the definition level of 
the sub-elements of the Basis of Project Decision and the Basis-of-Design PDRI Sections 1 and 2. 
More specific this means that over the main chain elements Capture, Transport and Storage we have 
prepared a list of some 100 questions aimed at providing information by the plant developer on the 
level of development. Each of the questions probes in an PDRI element. As an example we provide 
here one typical capture question: What type of provisions are made to accommodate for a potential 
use of large quantities of amine regeneration steam? 
The above discussed is visualized in the table below giving an overview for a typical capture 
technology of the number of questions per PDRI element in the Capture Readiness tool.
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Table 1 Correlation of Capture Ready questions with PDRI elements for a specific capture 
technology 
Overview of amount of references to PDRI elements 
PDRI 
element
Element title Number of 
questions per 
PDRI element
A 
B 
C 
D 
E
Section I – Basis of project decision 
Manufacturing objectives criteria 
Business objectives 
Basic data research & development 
Project scope 
Value engineering 
 6 
 26 
 16 
 13 
  0
F 
G
Section II – Basis of design
Site information 
Process/mechanical
49 
  1 
         Total 111 
The table shows that we have tested the elements A to D of section-1 and have added the questions 
regarding the site, including permits of element F of section-2. 
This addition is based on the fact that we have observed that too many projects are started without a 
clear translation of permit requirements into technical measures. We have seen examples of very 
costly measures in the next phase that were not anticipated in the early phase.  We have learned that 
permits are essential in project planning and should be considered from the start since not obtaining 
an operations- or storage permit is seen as a potential block for future Carbon Capture and Storage 
(CCS) implementation. This would mean that future conversion of a plant to capture is not possible 
and the plant either has to shut down or to continue operations with the resulting CO2 emissions. 
This is often referred to as a carbon lock-in situation. 
4.  Adaptation of the definition framework to the assessment tool 
The tool is in the form of multiple questions that verify the status of the information for each 
specific element.  The relevant Authority raises these questions to a Power Plant owner seeking 
consent or a license to operate. The plant owner submits a written answer to the questions and the 
level of information is ranked by the Authority on a 0-100% completeness scale. These questions 
are grouped in an Excel workbook and the relevant Authority can provide an information 
completeness score between 0 and 100% per question. Basically the score is - in analogy to the 
PDRI score- an expert opinion. The score per CCS element and the total is also automatically 
calculated on this simple 0-100% scale and for convenience is translated into a traffic light using 
agreed threshold score levels for green, orange and red. 
2538 F.P.J.M. Bas Kerkhof, G. van Birgelen / Energy Procedia 4 (2011) 2533–2540
F.P.J.M. (Bas) Kerkhof and G. van Birgelen / Energy Procedia 00 (2010) 000–000 
7
We have developed a number of capture technology specific modules. Part of the questions are 
generic for each technology and some are technology specific. For the technology specific questions 
we composed check questions based on the same check lists as used in the IEA Capture Ready 
report (5) and questions based on our own judgment of potential future roadblocks. The questions 
related to transport and storage are Capture Technology independent. 
The scores on a total of some 100 questions covering the full CCS chain form the basis of the 
results. The checklist’s results are projected onto an easily understandable traffic light (see figure
2): 
Phased assessment of the path to CCS
The path to ccs is projected on a traffic light which clearly indicates the 
project’s status.
On time ` capture ready’
‘ capture ready’ doubtful 
‘ capture ready’ unlikely  
Capture 
Ready
Final Investment
PrjName
Capture 
Ready
Investment 
Ready
Total
Technology
Environment
Total
Technology
Environment
Total
Technology
Environment
Feasibility
Implementation
Implementation
Project 95% 0%
Production
Transport
Storage
Feasibility Implementation
Feasibility
Decision
Figure 2 Capture Ready results summary sheet indicating overall level of Capture Ready as well as 
Investment Ready for the overall chain as well as and for the individual Capture, 
Transport and Storage components. 
5. Application and Testing of the Capture Readiness Tool  
 The tool developed is able to measure the level of Capture Readiness as well as the level 
Investment Ready. 
A summary picture describing the traditional concepts and the level of Capture Ready and 
Investment Ready is presented in figure 3. 
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Figure 3 Project definition score versus project time scale showing the correlations between front 
end loading, PDRI and the new concepts Capture Ready and Investment Ready 
The Jacobs Consultancy Capture Readiness tool is to-date the only quantitative tool available to rate 
Capture Readiness. The fact that it is new and unique also means that testing and further refinement 
and development is needed. 
The tool was tested on a yet confidential basis in two pilots in the Netherlands. It is expected that 
the results of these tests will lead to further development of the tool. 
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